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ABSTRACT 
Background 
The Accreditation Council for Graduate Medical Education (ACGME) instituted new duty hour 
rules for all residents in ACGME accredited residency programs effective July I, 2003. 
Purpose 
To evaluate the evidence regarding changes in mortality rates in hospitalized patients after 
implementation of new ACGME resident duty hour restrictions. 
Data Sources 
Electronic searches of Pubmed and the Cochrane Collaboration Library were conducted, as well 
as a hand search of other sources for studies performed after the 2003 ACGME resident duty 
standards took effect. 
Study Selection 
Studies of any size or design that evaluated mortality in hospitalized patients at ACGME-
accredited programs, after implementation of the new resident duty hour rules, were eligible. 
Nine studies were included in the review. 
Results 
Nine studies of poor to fair quality evaluating patients from multiple types of settings were 
incorporated into the systematic review. Mortality for both medical and surgical patients were 
evaluated. In medical patients, three of four studies offair methodological quality found 
improved mortality outcomes. Only one of five studies of fair methodological quality in surgical 
patients showed improved mortality outcomes. None of the studies found worsening mortality 
outcomes in hospitalized patients after implementation of the new ACGME duty hollr standards. 
In three studies where both medical and surgical patients were considered together, none noted 
changes in mortality outcomes for surgical patients, while two out of three noted improvement in 
mortality outcomes in medical patients. 
Discussion 
Studies on mortality outcomes after implementation of the ACGME resident duty hour limits do 
not consistently show improvement in mortality rates among hospitalized patients. 
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BACKGROUND 
INTRODUCTION 
Upon graduating from medical school, newly appointed Medical Doctors enter a period of 
postgraduate training known as residency. This is a critical time in the development of new 
physicians, as they are able to focus their studies on the specialized field of medicine they have 
chosen for their careers. Most will find residency to be more demanding than their years in 
medical school, due to such factors as a heightened level of responsibility to patients and higher 
patient loads than one might have experienced while in school. 
Another factor that plays into the heightened level of difficulty observed in residency training 
when compared to medical school is the increase in actual hours spent working within the 
medical setting. The conventional model of residency training of the past often involved long 
work hours, as some saw this as a way to build stamina, character, and experience. Others have 
seen long, grueling days as a resident as a rite of passage. 2 However, there has been 
longstanding concern of the negative effects these long work hours have on resident well-being, 
patient safety, and the health care system in this country at large. 31 Taking advantage of the 
voices of concerned patients and residents, as well as scientific research linking the negative 
effects of fatigue and sleep deprivation on job performance, various groups have made efforts 
directed towards reducing the numbers of hours residents were able to work. 6 Most notable of 
these efforts to limit resident duty hours is the work undertaken by the Accreditation Council for 
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Graduate Medical Education (ACGME). In 2003, the ACGME implemented new resident duty 
hour rules. 4Since that time, several studies have been carried out to assess the effect of resident 
duty hour limits on the well-being of patients. This systematic review will evaluate the literature 
studying mortality outcomes in hospitalized patients since the institution of the ACGME's 2003 
resident duty hour rules. 
THE ACGME AND PAST ATTEMPTS AT DUTY HOUR REGULATION 
The ACGME is the governing body for U.S. graduate medical education programs. As such, it 
has the responsibility of certifying more than 8300 programs that collectively train more than 
105,000 medical residents and fellows in this country. 1 A primary focus of the ACGME, a 
focus that has stretched back more than two decades, is the regulation and monitoring of resident 
work hours. 2 As early as the 1980's, the ACGME began formulating a stance towards resident 
duty hours in the fields of internal medicine and pediatrics, proposing that "hospital duties 
should not be so pressing or consuming that they preclude ample time for other important phases 
of the training program or for personal needs". 3 In 1987, the ACGME expanded their 
recommendations for regulation of resident duty hours to other specialties. 3 
The most recent attempt to limit resident duty hours occurred within the past decade. In 
September of2001, the ACGME convened the Workgroup on Resident Duty Hours and the 
Learning Environment. 4 With input from the ACGME' s 26 specialty review committees 
(representing each of the 26 medical specialties), and the Institutional Review Committee, 
standards were developed to regulate the duty hours of medical residents. 1 The Work Group's 
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recommendations were detailed in a report to the ACGME in June of2002. 4 Although these 
recommendations were not made into residency mandates until one year later in July of2003, 
some institutions and residency programs across the country did implement the new ACGME 
Work Group's duty hour recommendations in 2002, one year before they were required. 
The recommendations of the 2001 ACGME Work Group involved limiting duty hours in 
multiple facets. It restricted residents from working more than 80 hours per week, averaged over 
a four week period. For example, if a resident worked greater than 80 hours during one week of 
his/her rotation (which is permissible), he/she must make up for it by working less hours during 
one of the remaining three weeks. Another stipulation ofthe new standards is that residents must 
be free of patient care responsibilities one day in a given seven day period, again averaged over a 
four week time frame. Additionally, residents must not be on call more frequently than every 
third night, averaged over a four week period. When the resident takes call in a hospital setting, 
he/she can work no longer than 24 hours. After this 24 hour period, the resident is allowed to 
work an additional six hours to transfer care to residents coming onto duty, attend to inpatient or 
outpatient continuity of care matters, or for educational debriefing or didactic sessions. Under 
the new standards, a resident cannot accept responsibility for new patients after a 24 hour call 
period has been completed. Finally, the ACGME has stipulated that residents must be granted a 
minimum of I 0 hours to rest between duty periods. 4 
There were events that preceded this most recent effort by the ACGME that should be noted to 
help provide background into some of the driving forces behind efforts to limit resident duty 
hours. A defining event in the timeline occurred in 1984 in New York. In March of that year, a 
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young woman by the name of Libby Zion died after a sequence of events in a local hospital. Ms. 
Zion, then an 18 year old college student and daughter of a well-known New York City 
newspaper columnist, was seen in the emergency room of New York Hospital on the morning of 
March 51h. She was initially evaluated by a junior medical resident and admitted with symptoms 
including fever, chills, and anxiety. She had also ingested illicit substances and was taking other 
prescription medications prior to her presentation to the hospital, which was unknown to those in 
charge of her care at the time. She died within 24 hours of admission from what was deemed a 
fatal drug interaction after being given multiple medications to control her symptoms. 5 The 
medical intern who helped in her care had been awake for 18 hours and had the responsibility of 
multiple patient care units within the hospital. 2 
Her father brought about a malpractice case against the hospital, claiming that her death was the 
result of poor care by overworked and fatigued medical personnel. 6 Although a Manhattan 
Grand Jury in 1986 did not indict the physician or the hospital, the same court made critical 
observations of resident training in New York, including a critique of the number of consecutive 
hours residents often worked during those times. 5 Under pressure from the courts, as well as 
other influential political figures in that state, the New York State Health Commissioner formed 
the Ad Hoc Advisory Committee on Emergency Services, also known as the Bell Commission 
(so named after the committee chair, Dr. Bertrand Bell, a professor of medicine at the Albert 
Einstein College of Medicine). 2 One of the first acts of the Bell commission was to endorse 
recommendations made by the New York courts that decided on the Libby Zion case. 2 
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After consulting with other medical organizations and the ACGME, the Bell Commission's 
initial recommendations were modified, and in July of1989, five years after the death of Libby 
Zion, Section 405.4 of the New York Codes, Rules and Regulations of the Department of Health, 
was enacted. 2 These rules made New York the first state to statutorily mandate limits on 
residency duty hours. 5 The 405 Regulations, also known as the Bell Commission Regulations, 
stipulated a maximum of 80 hours of resident duties per week, averaged over four weeks, a 
minimum of eight hours of rest in between work assignments, and a maximum of24 hours of 
. k 6 consecutive wor . 
Over the next several years, compliance with the Bell Commission Regulations was monitored 
by theN ew York Department of Health. Almost a decade after implementation of Section 405 
Regulations, the Department of Health undertook the first comprehensive endeavor to ascertain 
compliance with the new regulations. In investigating the 12 hospitals within their jurisdiction, 
the NY Department of Health discovered that all had violated the regulations in some way, with 
the surgical specialties more consistently found to be in violation. 2 
However, it became increasingly evident that monitoring, adherence, and penalization would be 
complicated. 5 Although it was assumed that surgical residents had a difficult time in adhering to 
duty hour limitations, surveys published in the literature at the time revealed a conflicting view. 
Contradicting the Department of Health's findings that the surgical specialties were largely 
noncompliant with the Bell Regulations, a survey of General Surgery residents in the entire state 
of New York found that most were in broad compliance with the regulations based on self-
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reported duty hours. 7 The majority of residents surveyed also endorsed a supportive 
environment towards compliance with the 405 Regulations within their departments. 7 
Being the first state to mandate limits on resident work hours, the New York model of resident 
duty hour standards was observed closely by interested parties. Recognizing problems related to 
traditional methods of resident training, as well as increasing calls from the public to help curb 
medical errors, several states tried to follow New York's example. In Massachusetts, the 
Committee on Health Care of the General Court of Massachusetts, composed of state medical 
school deans, physicians, residents, patient representatives, and hospital executives, drafted 
guidelines for resident duty hour limitations to be voluntarily instituted by the state's hospitals in 
1989. 5 Similarly, a committee composed of individuals from all of California's medical schools 
developed regulations inl998 to limit resident duty hours to 84 hours a week. 5 In June of2002, 
the New Jersey State Assembly passed Assembly Bill1852 restricting the state's medical 
residents from working more than 80 hours per week. 
Efforts to regulate resident work hours came at the federal level as well. In April of 200 I, a 
consortium of organizations and individuals, including Dr. Bertrand Bell of New York, 
petitioned the Occupational Safety and Health Administration to set and enforce federal resident 
and fellow duty hour limitations. 8 This group, comprised of a committee of residents and 
interns, concerned public citizens, and the American Medical Student Association, acted because 
they believed that medicine's internal regulatory bodies, including the ACGME, had not acted 
seriously and expeditiously to reports of fatigued and overworked medical residents. Surpassing 
previous appeals, the petition contained language that not only sought to limit resident duty 
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group were older, and had a higher prevalence of hypertension, diabetes, and past myocardial 
infarction. The authors found no statistically significant difference in in-hospital mortality rates 
between groups. The mortality rate in the before group was 4.2%, while the rate in the post 
group was 2.8% (p=0.23), with an absolute difference of 1.4%. The odds ratio for in-hospital 
mortality, adjusted for age, sex, cardiac arrest at presentation, Killip class (risk stratification 
classification system for patients undergoing acute MI), systolic blood pressure, heart rate, serum 
creatinine, and elevated cardiac markers was 0.47 (0.18-1.20, p=O.ll) for the after group 
compared to the before group. A weakness of this study, aside from the possibility for selection 
bias, was the potential confounding effect of a quality improvement initiative put into place in 
July 2002. The authors described the GAP program (Guidelines Applied in Practice) as an 
initiative begun in the hospital that was designed to improve quality of care for all ACS patients 
by utilizing standardized order entry procedures and discharge patient instructions for patients 
withACS. 43 
De Virgilio and colleagues observed patient outcomes in trauma patients in a busy Level 1 
trauma center over the span of seven years (five years prior to ACGME's new regulations and 
two years after the regulations). 44 The paper did not report how many patients were analyzed 
before or after the intervention, so comparability of groups could not be fully determined. The 
authors did note that the severity of injury, based on a injury severity score, was higher for 
patients in the post-intervention period. To help reach compliance with the new duty hour limits, 
the surgery residency program eliminated redundancy in in-house call requirements, added nurse 
practitioners to assist with workloads, and increased the residency class size. Mortality rate was 
found to be unchanged between the two periods, with a rate of 5.23% before the duty hour 
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regulations and 5.91% after (p=0.12). It is unclear if adjustment for patient 
factors/demographics/comorbidities was considered in the final analysis. 44 
The study by Salim and colleagues also involved an academic Level 1 trauma center. 45 In the 
two years prior to the institution of the 2003 resident duty hour rules, 8939 trauma patients were 
admitted to the resident run trauma service. In the two years after the intervention, there were 
7915 trauma patients admitted. Both groups were similar in age, sex, and the severity of injury 
at presentation (based on Injury Severity Score). The trauma service, made up of three surgical 
teams, each with three residents, relied on increased cross-cover responsibilities by the on-call 
residents to reach compliance with the 80 hour work rules. Instead of residents providing full 
care for patients they admitted while on call, even if it meant staying late post-call or having to 
return to the hospital to care for a deteriorating patient after having gone home for the day, 
residents under the new policies never returned to the hospital after leaving after a call shift, and 
left care of their patients in the hands of residents on call for that day. The authors found no 
significant differences in total death rates between the two time periods. The date rate before 
and after the duty hour regulations was 6.4% and 6.25% respectively, with a relative risk of 0.98 
(0.87-1.1 0, p=0.72). The authors also analyzed preventable mortality based on clinical and 
autopsy data. A death was preventable if it was survivable, the medical care preceding that 
outcome was suboptimal, and errors in care were directly or indirectly implicated in the death of 
the patients. Preventable death rates, much like the findings for total death rates, were not 
significantly different between periods. 45 
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Horwitz and colleagues performed a retrospective cohort study involving patients admitted to an 
adult medicine service at an urban medical center. 46 Using a difference-in-differences approach, 
they compared outcomes for patients admitted to the resident service, or teaching service, to 
outcomes for patients admitted to the nonteaching service before and after implementation of the 
ACGME duty hour regulations. At that particular institution, patients were admitted first to the 
teaching service on a given day, up until a cap was reached, at which time all patients were 
admitted to the nonteaching service thereafter. After the new ACGME regulations took effect at 
the medical center, residents no longer took overnight call as they did previously. Instead, they 
were replaced at night by "nocturnists", who were hospitalists or moonlighting senior residents. 
In contrast, the nonteaching service did not undergo changes in their work structure over the 
same time period. After adjusting for characteristics such as age, sex, race/ethnicity, insurance 
status, admission source, comorbid conditions/case mix, there was a significant decrease in death 
in the teaching service after the regulations went into effect (from 2.41% before the change to 
2.03% ), with a p value of 0.047. The authors then calculated baseline mortality in the teaching 
and nonteaching service patients. This was done to demonstrate that these differences in 
mortality outcomes were not the result oftime (changes and improvements in patient safety 
occurring naturally over time), but in fact real differences between outcomes of patients in the 
teaching service when compared to the nonteaching services. By subtracting the differences over 
time in the teaching cohort with the differences over time in the nonteaching cohort, the results 
showed there was no interaction between time period and teaching service status (p=0.50). 46 
At the same time that Horwitz and colleagues published their findings in the Annals oflntemal 
Medicine, Shetty and colleagues published the results of their retrospective cohort study on the 
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effects of residency duty hour regulations on mortality. 47 Their study, however, was done on a 
larger scale. Instead of analyzing a population at a single institution, the authors used the 
Nationwide Inpatient Sample (NIS) of the Healthcare Cost and Utilization Project, which 
encompassed 551 community hospitals in the U.S. Using a "differences-in-differences" 
approach, the authors used the changes in patient outcomes over time that occurred in 
nonteaching hospitals as a control for the changes in patient outcomes that were associated with 
the ACGME duty hour regulations in teaching hospitals. In the process, two differences were 
measured; the difference between outcomes before and after the intervention in the teaching 
cohort, and the difference between outcomes in the teaching and nonteaching cohort over the 
study period. Patients were selected for inclusion if they had one of20 medical diagnoses or 15 
surgical diagnoses. The authors discovered that the effects of the duty hour limits were different 
based on what medical service patients were admitted to. Among medical patients at teaching 
hospitals, there was a 0.25% reduction in absolute mortality rate (p=0.043) and a 3.75% 
reduction in the relative risk for death. This the result obtained after subtracting the mortality 
trend in the control group (nonteaching medical patients) from the mortality trend in the teaching 
group, before and after the intervention. In contrast, there was no statistically significant change 
in mortality among surgical patients in teaching hospitals (p=0.54). One drawback apparent in 
this large study involving patient samples collected from a database including academic, 
community, and nonteaching hospitals, was the potential for misclassification of patients. 
Unlike the single site studies, it may be problematic in determining whether patients classified as 
teaching patients were really cared for by residents at a given institution. For the purposes of 
their analysis, a patient with a medical diagnosis was classified as nonteaching if theywere 
admitted to a hospital that did not have a medicine residency. A patient was classified as a 
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teaching patient if he/she had a medical diagnosis and was admitted to a hospital with a medical 
residency (even if he/she may have been admitted to a non-resident run adult medicine service at 
that teaching facility). The authors attempted to account for this potential misclassification of 
teaching versus nonteaching status by running sensitivity analysis on subgroups of patients 
admitted to hospitals containing varying size residency programs. This analysis showed that 
larger improvements in mortality were found in hospitals containing a larger number of medicine 
residents, hospitals where one would expect to have the smallest misclassification bias as 
patients admitted to hospitals with greater number of residents have a larger chance of being 
admitted to a teaching service statistically. 47 
Kaafarani and colleagues observed outcomes on surgical patients in a Houston VA medical 
center in their study of the ACGME regulations. 48 This medical center adopted the resident duty 
hour limitations earlier than some programs, choosing to put them into effect in October of2002. 
The preintervention period was set from October 2001 to September 2002. The post-intervention 
period took place between October 2002 and September 2003. Although the authors mentioned 
that there was a geheral decrease in self reported hours worked by residents after the new 
regulations took effect, and total compliance with the limitations was attained for the most part 
per resident report by January 2003, how they achieved this was not described. The authors 
studied both general surgery patients and vascular surgery patients in their analysis. The authors 
attempted to adjust for preoperative risks in their analysis of outcomes by calculating observed 
/expected mortality ratios, where the expected mortality was calculated using logistic regression 
models employing preoperative assessment variables and comorbidities. No statistically 
significant difference in mortality 0/E ratios was found between the pre and post-intervention 
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periods among both general surgery patients (p=0.90) and vascular surgery patients (p=0.94). 
The authors noted that at some institutions, time lost from resident labor was often substituted by 
increased attending hours. Acknowledging that this could confound results of estimates of effect 
between the intervention and outcome, they examined the level of attending supervision in 
operative cases during the two time periods. Although the level of attending supervision was 
found to increase in the post-intervention period, this was not a statistically significant trend. 48 
In contrast to studies by de Virgilio et al and Salim et al, Morrison and colleagues examined the 
effects of the ACGME regulations on mortality rates in trauma patients on a national level. 49 
The National Trauma Data Bank (NTDB) consisted of a database for trauma patients in 400 
hospitals collected between the years of 1994 to 2005. For the purposes of their study, Morrison 
and colleagues compared 250,957 patients in the pre-intervention group (designated from 2001-
2002) with 241,216 patients in the post-intervention group (from 2004-2005). Data from 
patients admitted in 2003 were excluded. The authors also compared outcomes at institutions 
where there were large numbers of residents to institutions where no residents were involved in 
patient care. Among all patients, mortality rates decreased from 4.64% in the pre-intervention 
group to 4.46% in the post-intervention group (p<0.0001). In teaching hospitals, mortality rates 
before the ACGME regulations were 5.16%, decreasing to 5.03% after the regulations took 
effect (p<O.OOOl). In the comparison group, mortality rates increased from 3.37% to 3.85% 
(p<O.OOOl) in nonteaching patients over the same time period. 49 
Volpp and colleagues published two similar studies in the September 2007 issue of JAMA. The 
first involved a retrospective cohort study of mortality among hospitalized Medicare recipients 
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after implementation of the A COME regulations 50 The authors had access to records for 
8,529,595 Medicare patients admitted to 3321 acute care US hospitals. They were able to 
research mortality separately among medical and surgical patients and compared outcomes in 
more vs. less teaching intensive hospital settings using resident-to-bed ratio calculations. 
Although they did not report patient characteristics in the different analysis groups in the article, 
they adjusted for patient demographics including age and sex, surgical diagnosis using diagnosis 
relating groupings, and comorbidities using the Elixhauser method. The authors utilized 
difference-in-differences analysis as described above to further reduce potential bias from 
unmeasured variables. The time period for analysis used in the study was three years before 
(2000-2003) and two years after the resident duty hour reforms went into effect (2003-2005). 
Compared with the pre-reform period, the study showed no significant relative increases or 
decreases in odds of mortality in either post-reform year one or post-reform year two for medical 
or surgical patients. 50 
Volpp and colleagues' second study involved mortality outcomes in a different population. 51 
Their second article was also a large retrospective cohort study, but it looked at the effects of the 
2003 A COME duty hour regulations on patients in the VA setting. They had access to over 
300,000 patients admitted to 131 VA hospitals across the country. Similar to the previous study, 
it looked at data from July 2000 to June 2005. The authors also applied a difference-in-
differences analysis and adjusted for patient demographics and comorbidities. As found in the 
Medicare population, there were no significant relative changes in mortality in post-reform year 
one for medical or surgical patients compared to the pre-reform years. However in post-reform 
year two, medical patients in more teaching-intensive hospitals experienced statistically 
33 
hours, but proposed detailed enforcement systems and requested avenues for confidential 
reporting of violations by hospitals or programs that breached the rules. 5 
RATIONALE FOR DUTY HOUR LIMITATIONS 
Just like the NY Bell Regulations, past efforts by the ACGME to put limits on resident work 
hours came about due to internal and external forces. Physicians and other individuals from 
within health care had pushed for a movement away from traditional beliefs and practices of long 
training hours in efforts to promote resident well-being, happiness, and safety. At the same time, 
errors made in the hospital setting that had the potential to be attributed to overworked and 
fatigued residents led to calls from patients, the public, and policymakers to curb the seemingly 
excessive numbers of hours residents work .. 
The release of the Institute of Medicine's report To Err is Human in 1999, was a monumental 
work that that added strength to these calls for reform made by the public as well as health care 
professionals. Reporting that up to 98,000 people die annually due to medical errors, making 
these errors the 81h leading cause of death in this country, it was apparent to some that 
establishing the root cause of these errors was critical. 9 Although patient safety was a concern 
of the report, it did not directly address the role of resident work hours in medical errors. 9 
However, in some part due to the Report, hospitals increased dialogue into the causes of medical 
errors, and began to increase practices to improve patient safety. 10 
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The Bell Commission, in deliberating the causes of Libby Zion's death, debated the importance 
of fatigue and sleep deprivation among the junior house staff to the errors in her medical 
management. Building upon the foundations of sleep physiology, previous studies seemed to 
support this assertion. 11 -16 Sleep is governed by complex central neurological pathways ofthe 
hypothalamus, where circadian processes are regulated by homeostatic forces and internal and 
external stimuli. 15 Due to inherent aspects oftheir training, medical residents are at risk for 
acute and chronic sleep deprivation. Furthermore, after repeated episodes of sleep deprivation, 
an individual builds up a "sleep debt", which manifests as progressive fatigue and sleepiness that 
compounds as more debt is incurred. 17 Another concept of note is sleep inertia. Sleep inertia is 
defined as "a clouded sensorium or incomplete arousal from sleep". 15 This period usually 
occurs immediately after wakening, and is compounded when one obtains less than adequate 
sleep periods. Sleep inertia eventually dissipates with time, and the resident will eventually 
reach a fully awake state, but alertness during this initial period of awakeness is depressed. 15 
There have been several studies showing the deleterious effects of sleep loss on performance in 
healthy adults in the laboratory setting. 15 Studies in medical personnel and medical residents 
also point to a similar drop in performance that comes with sleep deprivation. 11 -16 A meta-
analysis published in 1996 comprised of 19 studies found that overall sleep deprivation in the 
general population strongly impairs human functioning. Moreover, even partial sleep 
deprivation was found to have a profound effect on human functioning. 18 Addressing health 
care workers specifically, another meta-analysis of the literature published in 2005looked at 60 
studies, which included data from almost 1 000 resident physicians. 19 The authors concluded 
that sleep loss of less than 30 hours can reduce physicians' overall performance by nearly one 
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standard deviation, and clinical performance by greater than 1.5 standard deviations. 19 
Similarly, a 1991 review published in Academic Medicine, found that sleep-deprived residents 
were prone to making errors while performing routine and repetitive tasks, as well as tasks that 
required sustained vigilance. 20 
Although errors in care to patients such as Libby Zion are unfortunate, the unease related to 
overworked and sleep deprived residents extended beyond the realm of patient well-being. 
Concerns about the effects oflong work hours on immediate and long term physical health and 
mental health of medical providers have been the focus of researchers and groups who argue for 
. . 'd d h 15 17 21-25 restnctwns on res! ent uty ours. · ' 
There have been several cases in the news and the literature where fatigued and sleep deprived 
residents have caused direct and immediate harm to themselves. A study published in the NEJM 
in 2005 concluded that residents working an extended shift (greater than 24 hours worked 
consecutively) had double the odds of experiencing a motor vehicle crash while driving after the 
end of that shift when compared to residents who drove after a nonextended shift. 21 Moreover, 
the number of near misses when driving after an extended shift was five times the rate of that of 
people driving after a nonextended work shift. 21 The survey also found that the more extended 
shifts a resident had scheduled, the higher chance the resident would fall asleep while driving 
and/or experience a motor vehicle crash or near miss. 21 Other studies published supported these 
findings that fatigue and sleep deprivation can have a directly harmful effect on health. 17• 25 
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Chronic sleep deprivation also acts as a detriment to the health and well-being of residents in 
other ways. Obstetric residents often maintain longer work hours then their colleague in other 
nonsurgical subspecialties. The specialty is also one that carries a reputation of being one of the 
more stressful fields of medicine. The effect that these two factors play on the health of 
obstetrical residents was illustrated by the findings of two particular studies. The authors of the 
two studies found that obstetric residents were more prone to having certain pregnancy-related 
complications, should they become pregnant sometime in the course of their residency training. 
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27 Compared to spouses and partners of male residents, female obstetric residents who are 
pregnant during residency have higher risks of undergoing premature labor, preeclampsia, and 
fetal growth restriction. 26• 27 Other health related outcomes that have been attributed to sleep 
deprivation and fatigue among employees who work long shifts or overnight duties include an 
increase in metabolic disorders, including cardiovascular risk factors and insulin resistance. 11 
The sacrifices to family and friends that a resident working a large number of hours in the 
hospital can also lead to negative effects on the well-being of his or her personal relationships. 22' 
33 The irony is that social and family support is often cited by many residents as a critical 
necessity for the successful completion of residency. Some residents report difficulties with their 
marriages and relationships while completing residency. 33 The majority of these residents, and 
their partners or spouses as well, often place much of the blame on the residency itself for these 
difficulties. 33 Sleep deprived residents who are focused on catching up with sleep on their 
occasions at home sacrifice an important time to bond with family. In tum, family who often 
don't experience the level of sleep deprivation their spouse or partner resident can endure then 
express frustration when instead of engaging in normal social interactions, the resident 
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withdraws to bed. 22 The children of busy and sleep deprived residents can suffer as well. 
Residents spending large numbers of hours in the hospital often report being too tired to play 
with their children when they get home, and subsequent feelings of guilt as a result of this form 
of neglect. 22 
The negative health effects of long work hours and sleep deprivation on the well-being of 
medical residents also manifest in the form of stress and mental illness. 21-25 Burnout, described 
as "a process beginning with high and sustained levels of stress resulting in feelings of 
irritability, fatigue, detachment, and cynicism", commonly affects those in high stress careers 
where long hours of difficult work are involved. 24 It is a regular fear of medical residents and 
residency directors and administrators. This is due to the many risk factors for experiencing 
burnout innate to residency training and the medical profession overall. There are typically three 
dimensions ascribed to burnout; emotional exhaustion, depersonalization, and feelings of 
inefficacy. 34 Residents can often experience emotional exhaustion due to the overwhelming 
demands of work, undergo depersonalization and increased cynicism, and experience feelings of 
inefficacy and lack of personal achievement. 
Although it is difficult to measure exact rates of burnout among residents, the prevalence of 
burnout based on the several cross-sectional estimates and longitudinal surveys, is not 
insignificant. 34 As residents progress through a given year of residency training, and there is 
steady accumulation of sleep loss, the rates of burnout have been found to increase significantly. 
23 Furthermore, reduction in work hours has been shown to decrease levels of emotional 
exhaustion and depersonalization as measured by a validated burnout survey measure. 24• 34 
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Burnout is many times linked to psychological well-being. While the specific causal relationship 
between physician burnout and mood disturbances has not been definitively established, the two 
conditions frequently coexist. 34 Long work hours and sleep deprivation can also manifest in 
adverse psychological conditions that are not immediately classified as clinical depression. 
Surveys of residents who experienced sleep deprivation consistently say that the lifestyle has 
made them more irritable, impatient, and short tempered. 22 The inherent stresses associated 
with work in the field of health care, when combined with fatigue, lead at first to disappointment 
and isolation. 28 If these feelings persist without intervention, frank depression can follow. 28 
Efforts to determine which particular aspects of residency training specifically contribute to the 
development of mood disorders have been attempted. Sleep deprivation, fatigue, and long duty 
hours have all been proposed as contributors to mood disturbances among medical residents. 23• 
28
· 
29
• 
35 As previously mentioned, residents spending long hours in the hospital are separated 
from their usual sources of social support, such as family and friends, who are instrumental in 
helping to deter depression and stress. 28 As separation from family and friends increases 
through time, and there is an accumulation of sleep deprivation, studies have shown that there 
are higher rates of depression at the end of a given year of residency when compared to the start 
of that particular residency year. 23 Moreover, short term scores for mood disturbances and 
depressed moods are worse even after just one extended (greater than 30 work hours) shift. 35 
PAST SYSTEMATIC REVIEWS 
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The points discussed above are those used by proponents for regulation of resident duty hours. 
Underscoring the relative importance of this topic, numerous studies have been conducted on 
various aspects surrounding the issue of resident work hours. Given the existing body of work 
on the effects oflong duty hours, sleep deprivation, and fatigue have on resident well-being and 
performance, researchers have naturally looked into what effects reducing resident duty hours 
have on patient related outcomes. A review of articles evaluating this question was published in 
the Annals oflntemal Medicine in 2004. The article, Systematic Review: Effects of Resident 
Work Hours on Patient Safety by Fletcher, Steven, Davis, et aL was an acknowledgement to the 
impending A COME's 2003 duty hour mandates for residents, as all the studies included 
preceded the new duty hour standards. 30 The authors sought to critically evaluate the theory that 
adhering to the resident work hour limits would improve patient safety. The systematic review 
included seven studies in totaL These studies evaluated various duty hour limiting interventions 
including float systems, cross-coverage systems, replacement of resident duties by physician 
extenders, and other types of staffing schedule changes. The authors looked at patient outcomes 
such as mortality, adverse events, delays in procedures or tests, length of stay, and medication 
errors. The final analysis of the data demonstrated inconclusive results. Some patient outcomes 
were found to have improved after instituting interventions to decrease resident duty hours. 
However, other outcomes were made worse or unchanged by some interventions which limited 
duty hours. 30 
The systematic review described above had several limitations. First, the seven studies included 
in the 2004 Systematic review were all either observational in nature or quasi-experimental in 
design. Second is the heterogeneous nature ofthe seven included studies. As described above, 
15 
they studied different outcomes and interventions, and reached conflicting results. They also had 
different strengths and weaknesses. Although statistical analysis carried out in some of the 
studies tried to adjust for the effects different variables had on the patient outcomes examined, 
these observational and nomandomized trials could not account for the presence of all 
umneasured confounding. For example, most studies did not utilize well-matched controls, and 
thus the potential for selection bias is introduced when studying two groups with dissimilar 
baseline characteristics. Some articles did not use comparison groups when studying their 
population of interest, while others used historical controls in a before and after manner. Only 
one offered comparisons between teaching and nonteaching patient groups concurrently before 
and after an intervention was implemented. And finally, the potential for publication bias is 
present, as negative studies had a lower likelihood of being published, and thus, being included 
in a systematic review. 30 
JUSTIFICATION FOR THIS SYSTEMATIC REVIEW 
This systematic review seeks to expand on and improve the previous review done by Fletcher et 
al. While some ofthe limitations of that 2004 review are inherent to the topic, this review will 
seek to correct and/or minimize those limitations. An important distinction between the review 
above and this one will be that the studies included in this review will specifically focus on 
outcomes after programs and institutions have implemented the ACGME duty hour mandate 
established in 2003, whereas articles incorporated in the 2004 Fletcher review studied outcomes 
in residency programs where duty hours were governed by various rules and regulations 
stipulated by the ACGME and other regulatory groups and agencies. With this distinction, it is 
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hoped that the results of this systematic review will be more informative to stakeholders in health 
care, and help to guide future policy and regulations of resident work hours. 
Finally, this review focuses on one patient outcome (mortality) where the Fletcher review studied 
a multitude of patient health-related outcomes. This was done for several reasons. First, 
mortality is often one of the easier objective outcomes to measure in a given population, and thus 
data on mortality is readily available in patient charts or database fields. Second, mortality 
serves as a well-established indicator of quality of care. And lastly, this decision was made in 
hopes of simplifYing the analysis of the results. As found in the Fletcher review, more articles 
have been published in the past studying mortality outcomes related to the topic of resident duty 
hours compared to the other types of patient health outcomes, such as adverse events, length of 
treatment/hospitalizations, complications, or adherence rates to quality measures. In preliminary 
literature scoping done prior to undertaking this review, this was also found to be true with 
studies performed after 2003 as well. It was then decided to exclude the relatively few articles 
that studied patient outcomes other than mortality, as results from just one or two articles may 
prove difficult to interpret. 
The resulting review seeks to analyze mortality rates in hospitalized patients after 
implementation of the ACGME's Resident duty hour standards in 2003. The review will be 
carried out in systematic manner as described in the following methods section. 
METHODS 
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SELECTION CRITERIA 
Included studies were those that 1) were in English language published sources 2) were 
performed at an ACGME-accredited residency program 3) studied hospitalized patients in those 
programs 4) was undertaken after July 2003 (or after June 2002 when the new standards were 
granted preliminary approval but not yet universally mandated) and fully incorporated the new 
ACGME resident duty hour standards in total and 5) had as an outcome in-hospital mortality. In 
addition, studies involving any level of postgraduate training, and all specialty fields recognized 
by the American Board of Medical Specialties were eligible. While clinical trials represent the 
optimal study type for certain clinical questions, both observational and interventional studies 
were considered. 
Studies that were not eligible for inclusion in the final analysis were deemed ineligible for such 
reasons as I) study performed previous to July 2003 (or June 2002 if program was an early 
adopter of the not-yet mandated ACGME work hour standards) 2) not reporting patient related 
outcomes (such as cost effectiveness studies and studies comparing speed and error rates on 
computer simulated surgical training models) 3) or did not include objective patient related data 
(such as resident surveys on patient outcomes). No exclusions were made based on size, setting, 
or design of the study as above. 
A cutoff for study inclusion of July 2003 (or June 2002) was deemed necessary to insure that all 
studies analyzed incorporated aspects of the ACGME duty hour standards consistently and in 
total (for example, limitations of 80 hours of work per week, AND no more than 24 hours of 
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consecutive duty AND at least I 0 hours of rest in between duty periods, etc.) This was done to 
reduce the chances that one facet of the duty hour standards may have a different level of effect 
on fatigue, sleep deprivation, and patient outcomes compared to another. Previous to these new 
duty hour standards, residency programs established resident duty limitations using a variety of 
methods, governed by a variety of different internal and external sources (as was the case with 
the studies incorporated into the 2004 Fletcher, Steven, Davis eta!. systematic review). For 
example, a particular residency program in a given specialty field may adhere to an 80 hour work 
limit per week, but not have formal rest period criteria between duty shifts. 
DATA SOURCES 
The author searched the English-language literature in PubMed for studies published regarding 
the 2003 ACGME work hour standards and patient health outcomes. The initial search was 
completed in August 2008. The query was performed using both MESH terms and keywords. 
MESH terms included: Education, Graduate, and Medical, Internship and Residency, fatigue, 
workload, outcome assessment, hospital mortality, sleep deprivation, medical errors, work 
schedule tolerance, and personnel staffing and scheduling. The following keywords were also 
used: ACGME, work hours, workload, fatigue, residency, and patient outcomes. The search 
results obtained by MESH and keywords were combined into a final search. By default, all 
terms searched in PubMed are exploded. The Cochrane Collaboration Library was also searched 
for systematic reviews using the same keywords and terms utilized in the above PubMed search. 
Given the national focus of the study, no other electronic medical databases were searched. 
19 
The author hand-searched several journals, including JAMA, New England Journal of Medicine, 
Annals oflntemal Medicine, and Academic Medicine, for stndies published in journals released 
from July 2007-July 2008, to captnre any articles which may not have been indexed, but were 
relevant to the topic of the systematic review. Additionally, the author hand-searched the 
reference list of the articles used in the background section of this systematic review, as well as 
the reference lists of any included stndies in the final analysis. This process was then repeated if 
new articles were identified in the initial hand searching process. 
STUDY SELECTION 
The author, with sole responsibility in reviewing all abstracts and articles, performed the search 
as specified above and retrieved all matching citations. Stndy titles and abstracts were reviewed 
against the predefined eligibility criteria. Those abstracts that fulfilled these initial criteria were 
then pulled for full text review. After the author reviewed the study in full, the final decision was 
made to include or exclude it. In an ideal setting, a second reviewer would be called upon 
throughout this selection process to ensure included studies met eligibility criteria and help guard 
against single-reviewer bias. However, given the academic intention of this article, this review 
was performed by a single author only. Issues regarding abstracts or articles with questionable 
merit for inclusion into the systematic review were resolved by the author in conjunction with 
one or both readers. 
STUDY QUALITY ASSESSMENT 
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A methodological and predetermined process was implemented to rate the quality of the 
individual studies included in the systematic review. Although some use quality criteria in 
deciding whether to include or exclude studies for a review, this would have been problematic 
given the nature and scope of the topic of this systematic review. Instead, ratings for study 
quality were used to assess overall strength of evidence. 
There are several dozen described methods in the literature to assess the quality of an individual 
study. Various methods use checklists, scales, or individual methodological components to 
assess a study's quality. 37• 39 Some are as simple as using a hierarchal model of research design, 
ranging from randomized clinical trials serving as the highest quality of evidence, to expert 
opinions as the lowest form of study quality. 39 The dilemma with this approach is it does not 
take into account how well a study was carried out regardless of design 38 . Additionally, some 
clinical questions and scenarios are not amenable to the use of clinical trials or randomization. 
There is at times a lack of consensus on how to rate the quality of a study, despite the availability 
of numerous tools and instruments to aid in this process. As such, the quality of the studies 
included in this systematic review will be graded by applying methodological principles to the 
individual components of the research design. A list of those methodological components 
deemed crucial in helping to discern truth from a study were compiled using the 
recommendations of AHRQ's Evidence Report, USPSTF Current Methods report, and the 
Centre for Reviews and Dissemination Report 4. 38• 39• 40 The domains used by the author in 
grading the quality of the individual studies include: I) study population and how it was 
assembled 2) comparability of study groups 3) evidence of selection bias 4) measurement of 
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intervention 5) measurements of outcomes (including determining if they were equal, reliable, 
and valid) 6) evidence of confounders 7) statistical analysis and 8) external validity. Using these 
criteria, the quality of an individual study was rated as good, fair, or poor. 
DATA ABSTRACTION 
An evidence table was constructed to serve as a template for abstracting data from the individual 
articles. Construction of the evidence table was based on reporting criteria for observational 
studies such as those used by MOOSE and STROBE checklists, and modified in a way that 
served the specific question of interest. Using this evidence table helped to ensure that all 
relevant data was extracted from an article, documented the review process to help answer 
discrepancies that might arise in future questions, and recorded necessary data needed in 
generating the final results of the systematic review. The evidence table for this systematic 
review includes the I) study name and authors, 2) design of study, 3) funding source, 4) study 
setting and participants, 5) inclusion and exclusion criteria, 6) the type of intervention (schedule 
adjustment) used in the article if applicable, 7) patient health related outcomes studied, 8) results 
for the mortality outcomes, 9) methods of analysis, I 0) attrition/missing data/loss to follow up, 
and I 1) quality rating. 
DATA SYNTHESIS 
A meta-analysis of the results will be deferred for this systematic review. Although conducting a 
meta-analysis can increase power and improve precision of estimates, the topic in question, the 
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nature of studies, and the results obtained by the individual studies makes quantitative pooling of 
the outcomes problematic. The decision to defer on a meta-analysis is also the result of the 
presence of clinical and statistical heterogeneity among the individual studies. Clinically, the 
individual studies used different bases for their study populations, varying from large national 
databases, to entire academic medical centers, to single, specialty-specific residency programs, 
with resultant heterogeneous patient populations. Additionally, while the intervention for the 
question of interest is the same throughout (institution of the ACGME resident duty hour 
standards), means to achieve these new work regulations were not uniform. And statistically, 
lack of uniformity in methodological quality and consistency in results of the individual studies 
make meta-analysis impractical. Instead, the results found in this systematic review will be 
summarized qualitatively. 
GRADING OF EVIDENCE 
The strength of evidence for a systematic review can help to answer the question of how close 
the results obtained are to the truth, what is the size and consistency of the results, and what is 
the applicability to populations and patients outside the review. There are several methods of 
evaluating the strength of evidence documented in the literature that have met criteria for validity 
and comprehensiveness. 37 The quality of evidence of the body of studies contained in this 
review will be assessed using established methods of critical literature appraisal, to help instill 
confidence that a:ny estimates of effects are correct. This systematic review will utilize and 
combine components of literature evaluation from three well established sources to help assess 
strength of recommendations; the USPSTF Current Methods Task Force, AHRQ, and the 
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GRADE Working Group. 38• 39• 42 There is natural overlap between the components used by the 
three groups in establishing strength of evidence, helping to justifY their use together in this 
review. 
The components of the GRADE system are regarded as aspects of quality of evidence that are 
important in helping one to determine how confident one can be in deciding how truthful a 
study's results are, and how robust and consistent those truth remain across time and populations. 
The GRADE system considers systematically four key elements in determining strength of 
evidence: study design, study quality, consistency, and directness. 1) Study design categorizes 
the basic design of the study, broadly differentiated as clinical trials or observational studies. It 
is noted that the outcome of interest often plays a role in determining which study design will 
provide the highest quality 9f evidence. 2) Study quality pertains to a study's methodology and 
execution, in detail. 3) Consistency is a measure of how similar estimates of effects are across 
multiple studies. 4) Directness refers to how closely aligned the population, intervention, or 
outcome measures of a study is to the reviewer's population, intervention, or outcome measures 
of interest. 42 Here we will also consider the term generalisibility. 
Supplementing these four domains will be two additional domains, plausibility/coherence and 
magnitude of effect. Plausibility and coherence can be defined as how well the cause-and-effect 
interpretation of the intervention and outcome fit preexisting and understood biological and 
historical findings. The magnitude of effect of the studies, including the number of studies and 
the population sizes, will also be considered in determining final grades. 
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The six components of strength of evidence described above will then be considered equally and 
in aggregate to determine overall quality of evidence for the outcome of interest. The overall 
strength of evidence for the body of studies will be given a rating of low, moderate, or high. 
Although concepts of net benefit and harm are separate from strength of evidence, this will be 
touched on in the discussion section of this review. 
RESULTS 
LITERATURE SEARCH 
The literature search was performed in August of2008 using the protocol defined above. The 
results of that search and the systematic process of inclusion and exclusion are displayed in 
Figure 1. There were 761 articles obtained in an electronic literature search that was designed 
for high sensitivity. Applying the eligibility criteria in full narrowed down that figure to eight, 
the final number of studies obtained through the electronic search. A hand search of three 
sources as described above yielded an additional study which fit all inclusion criteria. This study 
was cited as a reference for one of the eight final study articles obtained through the electronic 
search. 
In the early steps of the eligibility determination process, the most common reason to exclude 
abstracts or articles involved ineligible dates of study or lack of relevance to the ACGME' s 2003 
resident duty standards. The most common reason for excluding articles at the final stages of 
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article selection, were articles not addressing objective patient related outcomes, and specifically, 
mortality. 
STUDY RESULTS 
This systematic review sought to analyze what effect mandatory regulations by the ACGME to 
reduce overall duty hours for resident physicians have on patient health related outcomes, 
specifically mortality rates of hospitalized patients. In some ways, the authors for the nine 
separate studies approached this question in similar fashion. There were also differences in the 
research methods among these nine studies. 
Bhavsar and colleagues performed a before and after study on patients admitted to a cardiology 
service at a large academic medical center. 43 They included 1003 consecutive patients admitted 
with a diagnosis of acute coronary syndrome (ACS) based on symptoms of cardiac ischemia as 
well as presence of either 1) history of coronary artery disease (CAD) or 2) new documented 
CAD or 3) EKG changes or 4) serum biomarkers of myocardial injury. This particular 
cardiology service implemented changes in 2003 to come into compliance with the new duty 
hour rules including: instituting day float systems to assist post and on-call teams, limiting 
senior residents' on-call shifts from 7am to 9pm that same day, and limiting interns' on-call 
shifts from 7am to 1 pm the next day. Mortality was assessed for a period of one year before and 
one year after the changes in schedule were made. There were 572 patients analyzed in the pre-
intervention group and 431 patients in the post-intervention group, with some underlying 
differences in baseline characteristics of the two populations; the patients in the pre-intervention 
26 
significant decreased odds of mortality. This trend in post-reform year two was not found in 
surgical patients. There were reasons postulated as to why the results ofVolpp's two studies 
with two different populations gave different results. First, VA hospitals across the country are 
well known to be key training sites for residents. Compared to non-VA teaching hospitals, VA 
hospitals have higher mean resident-to-bed ratios. As such, it may have taken more than one 
year for total or near total compliance with the new duty hour regulations, and thus, no effect on 
mortality would have been seen in the early years of implementation in the VA setting. 
Similarly, this explanation can be used to explain differences between medical vs. surgical 
patients found in this VA study, but not present in the Medicare analysis. One line of thinking 
holds that surgical programs had greater difficulty adapting to the regulations given the higher 
number of hours they averaged in the pre-reform period, so they were less likely to see a benefit 
from the advantages that a reduction in resident duty hours would have on patient outcomes. 51 
STUDY CHARACTERISTICS 
A total of nine studies were eligible for inclusion into the systematic review. Table la presents 
key information for all the studies. Table lb presents definitions of the types of study designs 
and analysis as designated by the author for this review. For the purposes of this systematic 
review all studies were categorized as observational I non-experimental in design, a classification 
supported by the authors of the nine study articles. Some may argue that studies where an 
intervention is assigned to a group of patients (the ACGME 2003 Resident duty hour limits) and 
outcomes are assessed as a result (mortality) and compared to another group (i.e. nonteaching 
patients) who are not exposed to the same intervention may be classified as nomandomized 
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trials. While that approach has merit, the author of this review believes that not following that 
classification scheme is acceptable. First, the quality of the individual studies may not 
necessarily be rated differently if they were observational versus "quasi-experimental", as a well 
performed observational study can be at times superior in quality to a clinical triaL Lastly, 
designating the nine studies as observational fits more easily to the overall theme of their 
respective study designs, rather than a designation of experimental trials. 
Two of the articles further described their research design as a time-series analysis. 50• 51 A time 
series study design, like a cohort study, involves comparisons made between an exposed and 
unexposed group. In a time series studies, however, the exposed and unexposed population 
consists of the same collection of individuals, and measurements made before the intervention 
are compared to measurements made after the intervention in the same group of patients. If a 
single measurement in time in relation to the exposure is made, the study is referred to as a 
"before and after" study (one measurement made in the group before the intervention and-one 
measurement made in the same group after the intervention). If multiple measurements are made 
both before and after the exposure, the study is referred to as time series, or a multiple time series 
analysis. 39 The two articles that described this type of analytic design obtained their study 
participants from large, multi-institution databases. 47•50•51 
While some may argue that the same collection of patients measured before and after an 
intervention can in fact be regarded and analyzed as the same population in the strictest sense, 
there are advantages to this method. Applying this concept to a multi-institution database, each 
hospital in the database is compared to itself, before and after the intervention (implementation 
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of the ACGME's duty hour reforms in July 2003). Changes in outcomes in hospitals with 
residency programs can be compared to changes in outcomes in hospitals without residency 
programs. This would help one to distinguish changes in outcomes over time that are universal 
across the country or across institutions, versus changes in outcomes that are particular to a 
particular teaching hospital or residency program as a result of interventions implemented at that 
specific site made to improve outcomes. 50 As such, bias arising from differences between 
hospitals, differences over time common to all hospitals, and differences in patient disease 
populations across different hospitals, can be minimized. 51 In contrast, the other database study, 
by Morrison et al involving trauma patients, treated patients in the database admitted before and 
after the intervention as separate groups. 49 
The disadvantages to this type of analysis is that is more susceptible to threats in establishing 
causality between exposure and disease, as changes seen after an intervention are at risk of 
occurring through chance or ways unrelated to the intervention. Furthermore, temporal changes 
factor into the exposure - outcome relationship, and establishing precedence in events can be 
difficult. The concept of regression to means can also play a role in the internal validity of 
before and after studies, in that those patient populations at the extremes of the mortality curve 
will naturally see rates that move towards the middle separate to the intervention. Lastly, 
without randomization or use of controls, there is always the possibility that selection bias and 
confounding can lead to incorrect estimates of effect. 
Among the nine articles, there is a range of study settings involved. In addition to the four 
studies that obtained participants from large, multi-institution databases of patients, the 
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remaining five studies evaluated patients at single institutions. There is a mix of medical and 
surgically-oriented studies, with two of the single site studies involving a surgical trauma 
service, one involving a general and vascular surgery service, one involving an adult cardiology 
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database studies analyzed both medical and surgical patients contained within the database. 
The post-intervention period included in the analysis for the nine studies varied in length. Some 
evaluated mortality outcomes for as little as one year after implementation of the new duty hour 
rules, while one looked at outcomes for a period of up to three years after the new ACGME rules 
went into effect. One teaching institution implemented the ACGME duty hour limits in 2002, 
one year before they were officially mandated. 48 The five single site studies described with 
varying levels of detail what changes were enacted at their particular hospitals or residency 
programs to reach compliance with the duty hour limitations. Some of these interventions 
involved I) decreasing the number of overnight on-call shifts taken overall, 2) decreasing the 
number of hours contained in an overnight call shift, 3) implementing night float coverage 
(staffed by residents or non-residents) to take the burden offresident call teams or replace 
resident overnight call completely, 4) instituting day-float resident services to assist post-call 
residency teams, 5) increasing cross-cover responsibilities for residents on call so that post-call 
residents can leave the hospital in a timely manner and not be expected to return at a later time to 
attend to unanticipated changes in the status of their own patients, and 6) hiring and using more 
support staff and extenders. These methods enacted to reduce duty hours and come into 
compliance with the ACGME duty hour regulations were used by the residency programs in a-la-
carte fashion, as is frequently done. 
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SUBGROUP TRENDS 
Although nine studies is not likely a sufficient number to conduct quantitative subgroup analysis, 
a descriptive analysis of some trends between groups may be informative. In terms of quality of 
the individual studies, there were six rated as fair quality and three of poor quality. The three 
articles of poor quality were all of similar design, lacked comparison groups, were completed at 
a single institution, and involved a single residency program. 43' 44' 45 None of the three studies 
did a complete job of protecting against selection bias, as they all suffered from either poor 
reporting of characteristics of each exposure group, or unequal patient characteristics at baseline, 
or lack of reporting on attrition, drop-outs, or missing data. Moreover, none of the three 
accounted thoroughly for possible sources of confounding, such as the role of schedule 
adjustments and involvement of more senior residents and faculty in the care of patients on a 
residency service, nor did they account for underlying changes in technology, staff improvement, 
or hospital wide quality initiatives and the effect these may have had on improving outcomes 
outside of or in conjunction with the reduction in duty hours for residents. Thirdly, assessment 
of compliance of the intervention (strict adherence to the 80 hour work rule) was not assessed, 
although each gave a description of methods used at the institution to comply with the new work 
hour regulations. This is despite the fact that assessing for compliance is more easily done in 
single institution studies compared to larger database studies, where compliance and hours 
worked by residents may not even be a reportable variable. Finally, genreralisability of 
outcomes of these three single site studies is potentially limited given the focus on a specific 
population base at a specific institution. These three studies reported no difference in mortality 
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in their study populations after the intervention went into effect in July 2003. 43•44•45 The 
remaining six studies were rated as fair in quality. Four out of six of these studies reported a 
decrease in mortality outcomes after the duty hour reduction was implemented. 46-51 
Among the nine studies, five were at performed at single institutions while the remaining four 
analyzed participants obtained from large, multi-hospital patient databases. The four database 
studies were of a heterogeneous nature; one was a national database on patients admitted for 
injuries and trauma, another was a database that sampled from all community hospitals in the 
U.S., and the last two involved data files of patients in VA hospitals across the country and 
Medicare patients admitted to hospitals across the U.S. 47• 49• 50· 51 All-four of the studies that 
involved databases of patients in their analysis were rated as fair in quality. To some extent, they 
all employed a difference-in-differences approach to comparing outcomes before and after 2003 
duty hour limitations. The results from these four studies were inconsistent. Shetty found that 
mortality rates decreased significantly for medical patients but not surgical patients. 47 However, 
Morrison's study involving surgical trauma patients found that mortality rates decreased in 
teaching hospitals across the country, a trend not seen in a comparison group composed of 
nonteaching patients. 49 In Medicare patients admitted to acute care hospitals across the country 
from July 2000 to June 2005, the odds of death were equal before and after the ACGME duty 
hour regulation were employed for both medical and surgical patients. 50 In VA patients 
admitted to facilities across the country, the odds of death decreased in the second year after the 
new duty hour regulations went into effect for medical patients, but mortality remained 
unchanged in surgical patients over the same time period. 51 
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The collected nine stndies analyzed patients with medical and surgical diagnosis, including 
patients admitted with injuries to a surgical trauma service, general surgery patients, vascular 
surgery patients, patients admitted to a cardiology service in an academic medical center, and 
patients admitted to an adult inpatient medicine service in a large teaching hospital. Although 
there were two studies reviewed in full text for this systematic review involving pediatric and 
obstetrical and gynecology residents and health outcomes in their patients, these stndies were 
excluded as they did not stndy morality outcomes. This may be because mortality rates are small 
in these populations overall. 
The inconsistency in results for outcomes among surgical and medical patient is evident in Table 
1. In medical patients, studies by Shetty, Horwitz, and Volpp's VA article showed improvement 
in mortality outcomes after the ACGME duty hour regulations took effect. 46• 47• 51 In contrast, 
studies by Bhavsar and Volpp's Medicare article showed no effect on mortality in medical 
patients after institntion of the duty hour regulations. 43• 50 In the articles that looked at mortality 
outcomes in surgical patients, only Morrison's observational study of patients in a national 
trauma database showed improvement in rates of mortality after the new duty hour regulations 
took effect. 49 This study was methodologically fair in quality. The other studies looking at 
surgical patients showed no statistically significant change in mortality after the new duty hour 
regulations were enacted. Of the three studies that looked at both medical and surgical patient 
outcomes, one showed no effect in both medical and surgical patients they studied while the 
other two showed improvement in outcomes in medical patients only. 47• 50• 51 
STRENGTH OF EVIDENCE 
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The overall strength of evidence is low (see Table 2). This is based on the small number of 
studies overall and the lack of good observational studies available for this systematic review. 
There is a lack of consistency in results for mortality on the whole, as well as among subgroups 
of patients. The magnitude of effect, when the results have been found to be statistically 
significant, is small. The presence of coherence and generalisabilty do not compensate for the 
other deficiencies in increasing the strength of evidence. 
DISCUSSION 
The efforts to reduce the amount of hours worked by medical residents took a significant and 
concerted leap in 2003 when the ACGME mandated that new standards governing resident duty 
hours be implemented by July 1st of that year. Efforts along these lines attempted in the decades 
past were accelerated by high profile events such as the Libby Zion case in New York, and the 
publishing of the Institute of Medicine's Report To Err is Human, among other things. Attempts 
to put limits on resident duty hours were also spurred on by concerns from the public and 
medical professionals themselves of the negative effect long work hours, fatigue, and sleep 
deprivation have on patient safety and resident well-being. 
The ACGME acted, based in part on influences from within and outside of the medical 
community. They also had decades of scientific evidence to rely on. Studies in the past have 
sought to link poor clinical performance, suboptimal patient outcomes, and medical errors with 
residents who were overworked, fatigued, and sleep deprived. Research has also been carried 
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out for the benefit of the residents themselves, pointing out the link between fatigued and sleep-
deprived residents and their risk of suffering a motor vehicle crash after a work shift, burnout, 
psychological distress, or frayed social relationships. 
Enough work had been compiled that a systematic review was published in the 2004 Annals of 
Internal Medicine by Fletcher, Davis, Underwood, eta!. 30 Using studies that preceded the 2003 
ACGME duty hour mandates, but were performed in a similar environment of resident duty hour 
regulations, the authors described seven studies where the outcome of interest was patient safety. 
The results of that systematic review were inconclusive. 
This systematic review, performed fours year later, specifically studies the effects of the 2003 
ACGME's resident duty hour regulations on mortality in hospitalized patients. Using the new 
ACGME standards as one ofthe inclusion criterion, nine studies were eligible for this systematic 
review. Although there were similarities among them, such as their observational research 
design and their focus on objective patient health related outcomes, they represented a diverse 
group of articles in other ways. Some studies selected patients from single health care 
institutions and particular medical specialties. Others studies obtained their patients from 
national databases incorporating data from hundreds of hospitals. Those single institution 
studies that were able to report it, described various methods used by their residency programs to 
comply with the ACGME duty hour mandates after July 1st of 2003. Those included workload 
redistribution practices, the hiring of support or extender staff, and schedule adjustments, among 
other things. The individual ratings of quality for the nine studies ranged from fair to poor. 
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Based on this, as well as the aggregate consistency, magnitude of effect, generalisibility, and 
coherence, the strength of evidence for the systematic review overall was low. 
None of the nine studies showed that limiting work hours to 80 hours a week, reducing call 
frequency or time spent on a call shift, led to more patient deaths. Based on the studies included, 
implementation of the new ACGME regulations either led to decreased mortality rates in the 
given patient population being studied, or no significant change was seen. Articles that showed 
improvement in mortality outcomes were all rated as having fair methodological quality. All 
studies rated as poor in quality showed no change in mortality after the duty hour rules took 
effect. Of the studies rated with at least fair methodological quality, three found improved 
mortality outcomes in medical populations, while one noted no change in outcomes. Of the 
studies done on surgical patients with at least fair methodological quality, only one out of five 
noted improvement in mortality outcomes. There was no difference in outcome trends noted for 
studies performed at single institutions compared to studies involving patients in databases 
collected from multiple hospitals across the country 
There are several limitations of this systematic review, both at the level of the individual studies 
and the review itself. Although a well conducted systematic review often represents the highest 
quality of evidence for a clinical question, it is also subject to certain threats to its validity. One 
of those threats, publication bias, is a "bias in the research literature where the likelihood of 
publication of a study is influenced by the significance of its results". 40 Studies with positive 
findings are more likely to be published, while studies that find no effect are less likely to be 
published. This is due to several reasons; investigators may be less likely to complete studies 
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where preliminary findings reveal no effect, or they may be less likely to submit negative studies 
for publication, or journal editors may be less inclined to publish negative studies as they seem 
less interesting. Bias arises then if published articles are systematically different from those not 
being published routinely, and failing to include certain studies due to publication bias may lead 
to overestimation of the effect. This review attempts to minimize publication bias by 
incorporating a comprehensive literature search as detailed in the methods of this review. In 
addition to electronic database searches and hand searching of various sources was performed. 
No sources considered to contain "grey literature" were searched. Even with a thorough search, 
publication bias may always be present in a systematic review to a certain degree. For this 
review, the author accepts that publication bias may be present. Instead of trying to eliminate it, 
the more practical approach is to account for the effects of publication bias on the results 
obtained. 
Similarly, reporting bias mnst be considered in determining the validity of studies included in a 
systematic review. Reporting bias includes publication bias, but also consists of time lag bias, 
language bias, multiple publication bias, and citation bias. 41 Like publication bias, these forms 
of bias make positive studies easier to locate in standard search protocols. While it may be 
statistically feasible to attempt to ascertain the presence of publication bias, given the qualitative 
nature of the results obtained in this review, it may be of more importance to point out the 
possibility that publication and reporting bias exist in this and other systematic reviews, and 
estimate their effect on the outcome appropriately. In this instance, the presence of publication 
and reporting bias, if negative studies are not included, would lead to overestimation of effect. 
For this systematic review, negative studies would be those that report no change or worsening 
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of mortality outcomes after implementation of the ACGME 2003 resident duty hour standards. 
If these are systematically not included in reviews due to bias, the results would appear to 
conclude that the resident duty hours lead to decreases in patient mortality, or point to this 
conclusion more strongly. 
The last threat to validity that will be considered for this systematic review is the effects of 
heterogeneity on the analysis. Heterogeneity pertains to the variability or differences between 
studies included in the review. It can take many forms, such as clinical heterogeneity of patient 
characteristics or interventions, methodological heterogeneity in how studies were conducted and 
there quality of evidence, and statistical heterogeneity in the estimates of effect. 41 Decisions in 
whether to pool studies in a systematic review can be made by balancing the benefits of 
increasing statistical power with the disadvantages of heterogeneity. In this review, multiple 
sources of clinical, methodological, and statistical heterogeneity among the nine studies would 
make their combination problematic, and the subsequent pooled analysis would be at risk for 
statistical error. The studies had different patient characteristics, where some were performed in 
surgical patients and others in medical patients. The settings of the studies ranged from single 
medical services at one hospital, to multiple residency programs at a single institution, to multi-
institutional national databases of patients. Some described specific schedule changes that were 
implemented to comply with the intervention, while others did not or could not. The ratings of 
methodological quality varied among studies. And the outcomes were different across studies in 
terms of magnitude and direction of effect. In some cases, subgroup analysis would be used to 
pool similar studies and then conduct quantitative analysis on these select subgroups. These 
subgroups ideally would be specified in advance to reduce bias. Subgroup analysis has the 
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potential to decrease power and there is likelihood that the more subgroup analysis performed, 
the higher the chance that a result obtained from this sub analysis could be due to chance alone. 
To divide the studies constituting this systematic review into subgroups would have been 
problematic given that there were only nine trials to begin with. Furthermore, unanticipated 
subgroup effects usually bear careful critique. 
Aside from the inherent threats to validity for systematic reviews, the quality of the individual 
studies contained within this review merits some discussion. Some methodological deficiencies 
were common to them all. They were all observational or non-experimental studies, which are 
subject to certain biases that randomized experimental trials are at less risk for. There was 
potential for selection bias in these studies, especially the smaller, single institution studies. 
Most of the studies were able to match controls to the intervention group, using historic controls 
from before the ACGME duty hour regulation (intervention) took place, or concurrent controls 
from patients who were under the care of "nonteaching" physicians. The comparability between 
intervention and control groups among the studies varied. An ideal control group would be 
patients selected from a specific residency program were the residents were not subject to duty 
hour rules and compared to patients selected from the a similar residency program subject to the 
ACGME duty hour limitations. This does not exist however as the ACGME duty hour 
regulations were universally mandated. Studies in this review that utilized both historic controls 
and concurrent controls are in better position to minimize selection bias. Those articles that 
utilized a differences-in-differences approach are an example, where patients under the care of 
non-resident medical services during a time frame stretching before and after the ACGME 
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regulations served as controls for patients on a teaching service analyzed before and after the 
regulations were instituted. 
With the potential for selection bias arises also the possibility of missing unmeasured variables, 
or confounding. One confounding variable is improved medical technology or health care 
quality initiatives developed and implemented over time throughout the study period that affects 
the outcome of interest, but are not causal intermediates, and may be differentially distributed 
among groups. For example, a quality initiative, such as computerized physician entry, or 
hospital pharmacy staff rounding with resident-run inpatient medical teams, may have been 
implemented at a particular hospital or hospital system at the same time that the ACGME duty 
hour mandates took effect. This could then obscure the true effect ofthe intervention on the 
outcome of interest. The study by Bhavsar and colleagues serves as an example. They describe 
a hospital-wide quality improvement initiative instituted in 2002 that likely confounded the 
results of their study. 43 This would have led to overestimation of effect. 
Another potential confounding variable is the effect of workforce distribution practices made 
necessary by the resident duty hour regulations. One of the consequences for many hospitals and 
residency programs of limiting resident work hours in order to meet the ACGME duty 
regulations was the increase in responsibilities and hours worked by attending physicians and 
senior residents/fellows, or the replacement in work hours lost from resident physicians by 
hospitalist who have already completed their residency. 53 Some research shows that increased 
participation in patient care by faculty physicians leads to improved outcomes in teaching 
47 
patients. 52 As above, this too would lead to an overestimation of effect, as you would expect to 
see better outcomes in patients who are being cared for by more experienced physicians. 
Lastly, increased discontinuity of patient care may serve as an unmeasured third variable that 
could obscure the true effect of the intervention on the outcome. As limits are put in place on the 
amount of consecutive hours a resident is allowed to work, the result is that care of patients is 
"handed off' from the primary physician to other providers on a more regular basis, with each 
hand-off creating avenues for mistakes through miscommunication. As a post-call resident goes 
home at the end of his/her shift, residents remaining on duty take over care for that post-call 
resident's patients. This leads to discontinuity of care and increased cross coverage 
responsibilities, and the covering residents may not know these "handed off' patients as well if 
they did not have a major role in initially admitting them or participating in their day-to-day care. 
7
· 
32 This particular variable could lead to an underestimation of effect. 
The above points may serve to highlight the complex interaction between resident duty hours and 
patient outcomes. Reduction in patient mortality might be achieved by the ACMGE's resident 
duty hour limits because residents are less fatigued and sleep deprived. However, this does not 
the change the absolute numbers of sick patients seeking care in the nation's hospitals. A natural 
byproduct of the ACGME resident duty hour limits may be increased discontinuity of care and 
increased participation of in the care of patients in a resident-run or teaching service by senior or 
faculty physicians or hospitalists. It is worth noting then that these consequences of the resident 
duty hour limitations, although making adjustment in research on patient outcomes difficult, may 
be unavoidable. 
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That there may be different effects of the ACGME resident duty hour standards on patient 
outcomes based on particular medical specialty bears mention. As an example, the articles by 
Shetty and colleagues and Volpp and colleague's VA study discordant results between the 
medical and surgical subgroups within their study. 47• 51 In both of these studies, mortality in 
medical patients decreased after the intervention, but was uuchanged in surgical patients. 47• 51 
The third and final study in this review that evaluated both surgical and medical patients 
separately, Volpp's Medicare study, showed that findings on outcomes were similar between 
medical and surgical patients. 50 All three of these studies were fair in quality, and involved 
large databases of patients. Reasons for the varying outcomes among specialties could be 
multifold; 1) surgical residents may have been less compliant with duty hour rules compared to 
medical residents 2) surgical residents traditionally worked more hours than medical residents, 
so their adjustment to the new 80-hour work rule was more disruptive and led to more 
discontinuity of care 3) medical residents developed more efficient hand-off and sign out 
practices or 4) medical decision processes are different from surgical decisions. 47• 51 In the case 
of Shetty and colleagues' study, the smaller sample size of surgical patients may not have 
allowed for the power to detect statistically significant differences in this subgroup. 47 
The results and conclusions obtained from this study help to point out the quality gaps in 
literature, and thus serve as a notice for continued research. Although it may not be possible to 
conduct randomized trials on questions of this nature, large observational studies with well-
matched controls are possible. Specifically, studies should control for the effects of natural 
improvements in medical technology and the quality of health care through time as a result of 
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quality initiatives carried out by federal, state, and local groups. To make the results of any new 
study more generalisable, efforts should be made to perform multi-site studies on a wide variety 
of patients with a variety of medical conditions, cared for by residents of various specialties. To 
strengthen the causal relationship that reduced resident hours can lead to improved patient health 
outcomes, two things can be done. First, actual compliance with the duty hour rules by 
individual residents should be monitored and recorded objectively. Second, it may be helpful to 
discover if there is a "dose-response" relationship along the causal pathway. For example, if 
residents working less than 80 hours a week lead to better outcomes, it may stand to reason that 
residents working less than 60 hours a week lead to even better patient safety outcomes. 
A suggested model for an ideal trial to further clarifY if the ACGME Resident duty hour leads to 
improvement in patient outcomes incorporates many aspects of study design listed above, with 
the understanding that a perfectly designed study achieving absolute truth is unrealistic, and 
compromises are often necessary. The study design should be a multi-site nonrandomized 
interventional study, to reduce bias from observational studies. Randomization for this subject 
would not be feasible. The interventional group may be patients admitted to a resident service, 
with a control group consisting of patients admitted to a nonresident service at the same 
institution over the same time period. Surgical patients will be compared to surgical patients and 
medical patients will be compared to medical patients. Results will be compared within a single 
hospital system and then across institutions. Compliance with duty hours will be monitored. 
Unlike this systematic review, other patient related health outcomes will be considered in 
addition to mortality, such as operative or postoperative complications, length of stay, 
medication errors, and preventable events. If results for these outcomes trend in the same 
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direction as mortality after resident duty hours are limited, it may strengthen the argument for 
plausibility. Finally, a future study should consider another intervention arm in a nonrandomized 
study. Holding all other things equal, a third set of patients cared for by residents working at a 
further reduced schedule, say 40 or 60 hours a week, should be incorporated into the study. If 
outcomes improve with a workforce consisting of better rested residents, it stands to reason they 
may further improve if residents are afforded more rest. 
This subject of resident duty hours has broad policy implications which are not directly 
considered in this systematic review. The net benefits of reducing resident duty hours should be 
balanced with the harms. The need for residents to learn their craft is of great importance, and 
reducing the number of hours that they work (without an increase in length of residency training) 
has the potential to reduce the time they spend in didactic sessions, or reduce the operative cases 
they perform, or reduce the number of diverse patient encounters they experience throughout 
residency. This should be balanced with a policy that allows residents to be adequately rested, so 
that they are better, more efficient learners. Policymakers should also consider the economic 
costs of a modification to any component of our health care system. The costs incurred to a 
hospital that decreases resident labor pools and increases staff and extender responsibilities 
should be balanced with the costs saved or incurred with the changes in hospital complications, 
adverse events, or preventable errors brought about by workforce transformations. Although 
these costs will be difficult to measure, the broad implications of amending resident duty hours, 
including implications on patient safety, may warrant such analysis among interested parties. 
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This systematic review presents evidence regarding the effects of the ACGME's Resident duty 
hours on patient mortality. Given previous works, the results of this systematic review, and the 
author's own experiences, efforts to reduce the hours residents work should move forward. 
Accepting long, rigorous hours of difficult labor to maintain status quo seems outdated in the 
face of improvements the medical establishment has made in terms of medical education and . 
patient care. As mentioned above, studies clarifying the nature of the causal relationship 
between resident sleep deprivation and fatigue with patient outcomes would not be unreasonable. 
However, returning to older methods of training which involve long hours is not reasonable, in 
my opinion, given that fears that reducing work hours will lead to worsening of patient outcomes 
has not been found to be true. 
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Studies identified by initial literature 
search 
(n = 761) 
Articles obtained by hand-
search of reference lists and 
recent print journals 
(n = 1) 
Articles rejected based on 
title 
(n = 695) 
Articles for abstract review 
(n = 67) 
Articles excluded at abstract 
stage 
(n =54) 
Articles for full text review 
(n = 13) 
Articles excluded at full text 
stage 
(n = 4) 
Articles included in final systematic 
review 
(n = 9) 
Figure I: Flow chart of study selection 
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Study Design Setting Time Participants Intervention Outcome Outcome Internal 
period adjustment (medical (surgical validity 
patients) patients) 
Bhavsar et Before and Academic pre- Pre- 572 Day-float No NIA Poor 
al (2007) after med ctr; 2002- resident; difference in 
43 Cardiology 2003 Post-431 decrease in time hospital 
service in of on-call interns mortality 
Michigan post- shift; decrease in (4.2% vs. 
2003- time of senior 2.8% 
2004 resident's on-call {F{l.23) 
shift 
Risk 
adjusted OR 
for in-
hospital 
death 0.47 
(0.13-1.20) 
p~O.J1 
de Before and Academic Pre- 11,518 pts in Elimination of NIA Mortality Poor 
Virgilio et after med ctr; 7/98-6/03 total over 7 year redundancy of rate 
a!. (2006) trauma study period; in-house can unchanged 
44 service Post- unclear how requirements; 
UCLA 7/03-6/05 many in each addition of nurse 5.23% vs. 
group practitioners; 5.91% 
increase in p"'().12 
residency class 
size 
Salim, et Before and Academic Pre- Pre - 8939 pts Previous to NIA No Poor 
a!. (2007) after med ctr; 2001- regulations, difference 
45 trauma 2003 Post -7915 pts teams in total and 
service, responsible for preventable 
usc Post- care of their own death rates 
2004- pts, so residents between 
2006 stayed late post periods 
call, and returned 
to care for their RR0.98 
pts if needed (0.87-1.10) 
p=.72 total 
After death rate 
regulations, on-
call team 
assumes care of 
all pts on 
multiple trauma 
services and 
postcall residents 
never return to 
hospital 
Horwitz et Retrospective Academic Pre- 14260 teaching Elimination of Adjusted NIA Fair 
al. (2007) cohort; med ctr; 2002- pts (7018 pre overnight call for mortality 
46 differences in adult 2003 and 7242 post) residents, rate 
differences medicine replaced by decreased 
service Post- 6664 "nocturnist"; from 2.41% 
Yale-New 2003- nonteaching pts institution of to 2.03% 
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Haven 2004 (2954 pre and day-float resident (p 0.047) in 
3710 post) to assist post-call teaching 
team cohort 
no 
interaction 
between time 
period and 
teaching 
service status 
in terms of 
mortality 
(JP0.50) 
Shetty et Retrospective 551 Pre- 548029 teaching Not reported 0.25% 0.13% Fair 
al. (2007) cohort; community 1101-6/03 pts reduction in increase in 
47 differences- hospitals in absolute mortality in 
in-differences Healthcare Post- 963961 mortality surgical pts 
Cost and 7/03- nonteaching pts rate (p"'{).54) 
Utilization 12/04 (p~0.043) 
database and3.75% 
reduction on 
relative risk 
for death in 
medical pts 
Kaafarani Before and VA; Pre- Pre- 405 gen No change in N/A Decrease in fair 
et al. after surgical 10/01- surg and 202 number of unadjusted 
(2005) 48 service, 9/02 vase surg pts residents, or mortality 
Houston PGY level, or rate in gen 
Post- Post- 382 gen rotation surg pts 
10/02- surg and 208 schedules; (4.56% to 
9/03 vase surg pts general decrease 2.62% 
in hours between p~0.17); 
two time periods Observed to 
expected 
mortality 
ratio 
decreased 
from 0.63 to 
0.60 
(p~0.90) 
Unadjusted 
mortality 
rate 
increased 
from4.02% 
to 4.81% 
(p~0.81) in 
vase surg 
pts; OlE 
mortality 
ratio 
increased 
from 0.78 to 
0.81 
55 
(v=0.94) 
Morrison Retrospective 400 Pre- Pre - 250,957 Not reported N/A Mortality Fair 
et al. cohort; hospitals in 1/01- pts rate 
(2008) 49 differences National 12/02 decreased 
in differences Trauma Post-241,216 from4.64% 
DataBank Post- pts to 4.46% 
database 1104- (p<O.OOOl) 
12/05 overall 
Mortality 
decreased 
from 5.16% 
to 5.03% in 
teaching 
hospitals 
(p=0.03); 
mortality 
increased 
from 3.37% 
to 3.85% 
(p<O.OOl) in 
nonteaching 
hospitals 
Volpp et Retrospective Medicare Pre- Pre M 2394360 Not reported OR for OR for Fair 
al. (2007) cohort; time database 2000- medical pts and mortality for mortality 
50 series; for pts at 2003 2767194 surg more vs. less for more vs. 
differences in 3321 pts teaching- less 
differences hospitals Post- intensive intensive 
2003- Post -1469108 hospitals teaching 
2005 medical pts and 1.03 (0.98- hospitals 
1898933 surg 1.07) from 1.05 (0.98-
pts postrefonn 1.12) from 
year 1 postrefonn 
compared to year 1 
perfonn compared to 
years prereform 
years 
OR for 
postreform OR for 
year 2 1.03 postreform 
(0.99-1.08) year21.01 
(0.95-1.08) 
Volpp et Retrospective VA Pre- Pre- 87927 Not reported No No Fair 
a!. (2007) cohort; time database 2000- medical pts and significant significant 
51 series; for 131 VA 2003 101867 surgical relative relative 
differences in hospitals pts change in change in 
differences Post- mortality in mortality in 
2003- Post- 55929 postrefonn postreform 
2005 medical pts and year 1 year 1 
72913 surgical 
pts ln Odds of 
postrefonn mortality in 
year 2 odds more vs. 
of mortality less 
decreased intensive 
significantly teaching 
56 
in more hospitals 
teaching did not 
intensive change in 
hospitals postrefonn 
year2 
Table 1 a: summary of included studies 
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Study and Analysis Design Definition Applicability 
Before and after study (also known as a pre A type of non-experimental study that Mortality is measured once in a period of time 
and post study) assesses exposures and disease status at two before implementation of the 2003 ACGME 
time points, one before and one after an Resident duty hour rules in a patient 
intervention population, and once again in the period after 
implementation of the Resident duty hour 
Has no control group; comparison made rules in the same patient population. The two 
between subjects before the intervention and measurements are then compared. 
then after the intervention 
Multiple time series analysis Similar to a before and after study, however Mortality is measured multiple times in a 
outcome measurements are made at multiple period of time before the 2003 ACGME 
points before and after an intervention Resident duty hour rules are instituted, and 
multiple times in a period afterward, all in the 
same patient population. All measurements 
are then compared 
Observational cohort study Non-experimental study where researchers do A cohort of hospitalized patient cared for by 
not control allocation of exposures residents who have experienced the 
limitations of the 2003 ACGME duty hour 
A cohort (or longitudinal) study follows a rules is followed over time to assess for 
study population over a pf:riod of time, where occurrence rates of mortality. Their mortality 
some have had or will have an exposure of rates are compared to another cohort of 
interest and associations between exposure patients who are not cared for by residents 
status and outcome will be measured for those exposed to the duty hour rules. 
exposed an· unexposed 
May be retrospective if data on outcomes or 
exposures has already been collected 
May be prospective if study population is 
followed forward 
Difference in differences analysis A comparison is made between differences in The difference in mortality outcomes in a 
outcorries before and after an intervention for group of hospitalized patients cared for not 
groups exposed to the intervention to cared for by residents {or residents who are 
differences in outcomes for unexposed groups not exposed to the ACGME duty hour rules) 
is subtracted from and compared to the 
Changes in the control (unexposed) group are difference in mortality outcomes in a 
subtracted out from changes in the difference group of hospitalized patients who 
interventional group before and after the are cared for by residents who work under the 
intervention duty hour rules 
Table 1 b: Definitions of study and analysis design 
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Effect of the ACGME work hour regulations on mortality in hospitalized patients 
Number Study Study Consistency Directness/ general isi b lilly Magnitude coherence Overall 
of design quality of effect grade of 
studies evidence 
9 All 3 studies No Yes Small to no Yes Low 
retrospective of poor difference 
cohort quality Findings large sample sizes in multiple fatigue and 
studies and6 mixed between settings, using multiple Small sleep 
studies of no effect of population sources, studying amount of deprivation 
fair intervention on clinically important outcomes studies, fair shown to 
quality mortality to that matter to patients; larger to poor in decrease 
improvement observational studies often have quality performance 
in mortality advantages over randomized and increase 
trials in generalisibility Large errors; 
Findings numbers of discontinuity 
mixed on patients of care also 
effects of studied increases 
intervention on errors; higher 
mortality in levels of 
both medical attending 
and surgical involvement 
subgroups may lead to 
improved 
outcomes 
Table 2: Strength of evidence profile 
59 
REFERENCES 
1. Accreditation Council for Graduate Medical Education (ACGME): The ACGME's 
Approach to limit resident duty hours 2006-07: A summary of achievements for the 
fourth year under the common requirements. 
2. Wallack M, Chao L. Resident work hours, the evolution of a revolution. Arch Surg. 
2001; 136: 1426-1432. 
3. Philibert I, Friedmann P, Williams W. New requirements for resident duty hours. JAMA. 
2002;288(9): 1112-1114 
4. Accreditation Council for Graduate Medical Education (ACGME): Report of the ACGME 
Work Group on Resident Duty Hours June 11,2002 
5. Evans L. Regulatory and legislative attempts at limiting medical resident work hours. J 
\ofLegal Med. 2002; 23:251-267 
6. Steinbrook R. The debate over residents' work hours. N Eng! J Med. 2002; 
347(16): 1296-1302. 
7. Whang E, Mello M, Ashley S, Zinner M. Implementing resident work hour limitations 
lesions from the New York State experience. Ann Surg. 2003; 237 (4):449-455. 
8. www.citizen.org/hrg/healthcare/articles.cfrn?CID=6666; HRG Petition to Occupational 
Safety and Health Administration 
9. To Err is Human; Institute of medicine report 
10. Leape L, Berwick D. Five years after To Err Is Human: What Have We Learned. JAMA. 
2005;293(19):2384-2390 
11. Lockley S, Barger L, Ayas N, Rothschild J, et al. Effects of health care provider work 
hours and sleep deprivation on safety and performance. The Joint Commission Journal 
on Quality and Patient Safety. 2007; 33(11): 7-18. 
12. Barger L, Ayas N, Cadel B, et al. Impact of extended-duration shifts on medical errors, 
adverse events, and attentional failures. PLoS Med. 2006; 3(12): 2440-48. 
13. Landrigan C, Rothschild J, Cronin J, et al. Effect of reducing interns' work hours on 
serious medical errors in intensive care units. N Eng! J Med 2004; 351:1838-48. 
60 
14. Lockley S, Cronin J, Evans E, eta!. Effect of reducing interns' weekly work hours on 
sleep and attentional failures. N Eng! J Med. 2004;351:1829-37. 
15. Veasey S, Rosen R, Barzansky B, et al. Sleep loss and fatigue in residency training a 
reappraisal. JAMA. 2002; 288:1116-1124. 
16. Weinger M, Ancoli-Israel S. Sleep deprivation and clinical performance. JAMA. 
2002;287(8):955-957. 
17. Lamber L. Long hours, little sleep bad medicine for physicians-in-training? JAMA. 
2002;287(3):303-306. 
18. Pilcher J, Huffcut A. Effects of sleep deprivation on performance: a meta-analysis. Sleep. 
1996; 19( 4):318-26. 
19. Philibert I. Sleep loss and performance in residents and nonphysicians: a meta-analytic 
examination. Sleep. 2005;28(11):1392-402. 
20. Samkoff J, Jacques C. A review of studies concerning effects of sleep deprivation and 
fatigue on residents' performance. Acad Med. 1991: 66(11): 687-693. 
21. Barger L, Cade B, Ayas N, Cronin J, et al. Extended work shifts and the risk of motor 
vehicle crashes among interns. N Eng! J Med 2005;352:125-34. 
22. Papp K, Stoller E, Sage P Aikens J, et al. The effects of sleep loss and fatigue on 
resident-physicians: a multi-institutional, mixed-method study. Acad Med. 
2004;79:394-406. 
23. Rosen I, Gimotty P, Shea J, Bellini L. Evolution of sleep quantity, sleep deprivation, 
mood disturbances, empathy, and burnout among interns. Acad Med. 2006; 81:82-85. 
24. Gopal R, Glasheen J, Miyoshi T, Prochazka A. Burnout and internal medicine resident 
work-hour restrictions. Arch Intern Med. 2005;165:2595-2600. 
25. Fletcher K, Underwood W, Davis S, Mangrulkar R, et al. Effects of work hour reduction 
on residents' lives a systematic review. JAMA. 2005;294:1088-1100. 
26. Osborn L, Harris D, Reading J, Prather M. Outcome of pregnancies experienced 
during residency. J Fam Pract. 1990;31(6):618-22. 
27. Gab be S, Morgan M, Power M, Schulkin J, Williams S. Duty hours and pregnancy 
outcome among residents in obstetrics and gynecology. Obstet Gynecol. 2003;102:948-
51. 
61 
28. Reuben D. Psychologic effects of residency. South Med Jour. 1983;76(3):380-383. 
29. Bellini L, Shea J. Mood change and empathy decline persist during three years of 
internal medicine training. Acad Med. 2005; 80:164-167. 
30. Fletcher K, Davis S, Underwood W, Mangrulkar R, eta!. Systematic review: effects of 
resident work hours on patient safety. Ann Intern Med. 2004; 141:851-857. 
31. Accreditation Council for Graduate Medical Education (ACGME): The ACGME's 
Approach to Limit Resident Duty Hours: The Common Standards and Activities to 
Promote Adherence 
32. Charap M. Reducing resident hours: Unproven assumptions and unforeseen outcomes. 
Ann Intern Med. 2004. 140;814-815. 
3 3. Hall L, Wartman S, Macko M. Stress in social and family relationships during the 
medical residency. J Med Educ. 1986;61(8):654-60. 
34. Thomas N. Resident burnout. JAMA. 2004;292(23):2880-2889. 
35. Leonard C, Fanning N, Attwood J, Buckley M. The effect of fatigue, sleep deprivation 
and onerous working hours on the physical and mental wellbeing of pre-registration 
house officers. Ir J Med Sci. 1998;167(1):22-5. 
36. STROBE checklist 
37. Lohr K. Rating the strength of scientific evidence: relevance for quality improvement 
programs. Inter J Qual in Healthcare. 2004; 16(1 ):9-18. 
38. Harris R, Helfand M, WoolfS, eta!. Current methods of the U.S. Preventive Services 
Task Force: A review of the process. Am J Prev Med. 2001; 20(3S): 25-35. 
39. WestS, King V, Carey T. AHRQ: Systems to rate the strength of scientific evidence. 
2002. 1-195. 
40. CRD 4 report: undertaking systematic reviews. 
41. Cochrane Collaboration open learning material for reviewers, vers 1.1. 2002. 
42. Atkins D, Best D, Briss P, eta!, GRADE Workgroup. Grading quality of evidence and 
strength of recommendation. BMJ. 2004; 328: 1490. 
62 
43. Bhavsar J, Montgomery D, Li J, eta!. Impact of duty hours restrictions on quality of care 
and clinical outcomes. Amer J Med. 2007; 120(11):968-974. 
44. de Virgilio C, Yaghoubian A, Lewis R, eta!. The 80-hour resident workweek does not 
adversely affect patient outcomes or resident education. Curr Surg. 2006; 63(6):435-
439. 
45. Salim A, Teixeira P, Chan L, et al. Impact of the 80-hour workweek on patient care at a 
Levell trauma center. Arch Surg. 2007; 142(8): 708-714. 
46. Horwitz L, Kosiborod M, Lin Z, Krumholz H. Changes in outcomes for internal 
medicine inpatients after work-hour regulations. Ann Intern Med. 2007;147:97-103. 
4 7. Shetty K, Bhatacharya J. Changes in hospital mortality associated with residency work-
hour regulations. Ann Intern Med. 2007; 147:73-80. 
48. Kaafarani H, Itani K, Petersen L. Does resident hours reduction have an impact on 
surgical outcomes? J Surg Res. 2005. 126:167-171. 
49. Morrison C, Wyatt M, Carrick M. Impact of the 80-hour work week on mortality and 
morbidity in trauma patients: an analysis of the National Trauma Data Bank. J Surg Res. 
2008. 
50. Volpp K, Rosen A, Rosenbaum P, et al. Mortality among hospitalized Medicare 
beneficiaries in the first 2 years following ACGME resident duty hour reform. JAMA. 
2007;298(9): 975-983. 
51. Volpp K, Rosen A, Rosenbaum P, et al. Mortality among patients in VA hospitals in the 
first 2 years following ACGME resident duty hour reform. JAMA. 2007; 298(9): 984-
992. 
52. Fallon W, Wears R, Tepas J. Resident supervision in the operating room: does this 
impact on outcome? J Trauma. 1993. 35(4): 556-60 
53. Klingsensmith M, Winslow E, Hamilton B, et al. Impact of resident duty-hour reform on 
faculty clinical productivity. Curr Surg. 2006: 63(1): 74-79 
63 
